When genes that establish the identity of flower cells are expressed in all cells of transgenic plants, shoots also turn into flowers and the plants flower much earlier; this is true even of woody plants that do not normally flower until after many years of vegetative growth.
A recent study has shown that an aspen, a hybrid of two poplar species, may be induced to generate flowers after only seven months growth following regeneration from tissue culture [1] . The acceleration of flowering occurred when a foreign gene was inserted into cells regenerating from aspen stem segments, using Agrobacterium as the agent for transferring DNA. The gene, LEAFY (LFY), is one that controls flower identity and is normally expressed in cells that will develop into flowers [2] . In the transgenic plants, however, LFY was placed under the control of a promoter (taken from a plant virus) that results in its expression throughout the plant. Regenerated shoots from transgenic poplar cultures developed single flowers in their leaf axils after only a few months (Fig. 1b) , whereas control regenerated shoots without the gene showed strictly vegetative growth (Fig. 1a) . In transgenic plants, even the main shoot was converted into an aberrant terminal flower (Fig. 1c) .
To understand the basis of these observations, we need to consider how plants grow. This depends upon meristems, undifferentiated groups of cells at the tips of shoots and roots. The shoot meristem is shaped like an inverted saucer that is elevated on the stem, as tissue is continuously generated from its rim and internal region. Periodically, a leaf primordium may arise on the rim. This vegetative program may continue indefinitely. Also, it may be reiterated by new shoots that develop in the axils of leaves (Fig.  2a, left) . Following floral induction, however, the nature of the shoot meristem changes and it becomes an inflorescence meristem. Generally, reduced leaves are now produced on the flanks of the meristem, and primordia arising in their axils develop as flowers (Fig. 2a, right) , although many variants of this program occur. For example, some species produce no leaves or bracts on their inflorescence, others produce secondary inflorescence shoots in the leaf axils before flower primordia develop, and in yet others the apical shoot itself develops as a terminal flower. Combinations of these variants may also occur. In the case of the transgenic aspen, it seems that the regenerating shoot meristem is very quickly changed to an inflorescence meristem. This produces single axillary flowers and is itself eventually converted into a terminal flower.
The key to success in the aspen experiments was knowing which gene to use. It is here that model laboratory species are important. The gene used was the LFY gene of Arabidopsis thaliana, a small weed-like species of the mustard family [2] . This gene was identified as being important in controlling flower development because, in lfy mutants, shoots with vegetative properties develop where flowers would normally arise (Fig. 2b, centre) . That is, the normal function of the LFY gene product is apparently to ensure that primordia take on a floral identity. Fully consistent with this, the LFY gene encodes a product which, by its structure, seems likely to regulate the expression of other genes, and in wild-type plants LFY is expressed in new flower primordia from their inception, or even earlier [2] (Fig. 2b left) . Weigel and Nilsson [1] also confirmed that LFY plays a major role in switching primordia into the flower developmental program in Arabidopsis as well as in aspen. When LFY is expressed ectopically in Arabidopsis, the plants flower earlier and their inflorescence shoot meristem takes on a floral identity and develops as a terminal flower (Fig. 2b, right) . At the same time, all axillary primordia develop as single flowers. That is, if LFY is active throughout a plant its shoots are converted into flowers. If LFY is active nowhere in the plant (as in lfy mutants), the converse occurs, and flowers are converted into shoot-like growths.
The LFY gene is not alone in specifying floral identity. Arabidopsis plants with homozygous mutations of the APETALA1 (AP1) gene also develop shoot-like flowers (Fig. 2b, centre) , and this gene also encodes a transcription factor expressed in young flower primordia from their initiation [3] (Fig. 2a, left) . Mandel and Yanofsky [4] have now reported that transgenic Arabidopsis plants that constitutively express the AP1 gene show the same conversion of primordium identity as seen in the LFY transgenic plants -the main shoot develops as a terminal flower, and all axillary primordia develop as single flowers (Fig.  2c, right) . It is already known from mutant studies that the AP1 and LFY gene products act cooperatively in the establishment of floral identity [2] . It seems that the LFY gene product is active earlier, and reinforces any initial AP1 activity. This can be inferred from the fact that, when AP1 activity is removed by crossing the LFY transgene into ap1 mutant plants, the effect of ectopic LFY expression is reduced [1] -presumably that part of the LFY transgeneinduced phenotype arising from its reinforcement of AP1 activity does not now occur. On the other hand, an AP1 transgene has the same effect on meristem identity in lfy mutants as in wild-type plants [4] . In this case, because the AP1 transgene is expressed from a constitutive promoter, the presence or absence of LFY-derived reinforcement is irrelevant. It will be interesting to observe the phenotype of doubly transgenic plants.
How general are these observations? Genes with mutant phenotypes similar to those of Arabidopsis LFY and AP1 have long been known from the snapdragon, Antirrhinum majus, and the equivalent genes FLORICAULA and SQUAMOSA were cloned in 1990 [5] and 1992 [6] , respectively. Unfortunately, the lack of a convenient transformation system for Antirrhinum has meant that experiments using transgenic plants have not been possible with this species. Even so, the sharing of closely similar genes in the distantly related angiosperms Arabidopsis and Antirrhinum indicates that the genetic basis of flower identity has been strongly conserved. Of course, this has now been spectacularly confirmed by the study of Weigel and Nilsson [1] , in which the Arabidopsis LFY gene has been shown to function in aspen cells just as specifically and efficiently as might have been expected for the aspen version of the gene itself.
The constitutive action of the two flower primordium identity genes in transgenic Arabidopsis plants has thrown some light on the floral induction process itself. Early experiments, including the grafting of shoots and leaves and the manipulation of photoperiods, have indicated that plants perceive inductive environmental signals in their leaves, and that these are then transmitted to the shoot meristem. By a process called evocation, this meristem then becomes committed to the floral developmental program [7] . However, the meristem does not necessarily respond to these inductive signals. It seems that a certain amount of growth is necessary for the meristem to become competent to respond [8] (Fig. 2c) . This is confirmed in the transgenic plants constitutively expressing LFY or AP1. In these plants, the main shoot meristem still generates a number of leaves on its flanks before it is converted into a flower. Surprisingly, this response seems to occur earlier in the transgenic AP1 plants [4] than the transgenic LFY plants [1] , even though other evidence indicates that the LFY effect comes first (see above).
Another interesting observation is that the lateral primordia developing on the flanks of the main shoot meristem respond more rapidly to the flower-promoting transgenes than does the main meristem itself [1, 4] . It is also important that each of the transgenic phenotypes closely resembles that caused by mutation of an endogenous gene in Arabidopsis, known as TERMINAL FLOWER (TFL) [9, 10] . This suggests that the TFL gene may normally play a role in inhibiting meristem competence (Fig. 2c) . It is apparent that the phenomena of meristem competence and switches in identity are not all-or-none events, and while the activity of either LFY or AP1 is sufficient to convert shoot apices into flowers, neither is absolutely necessary to generate some flower-like growth.
It is easy to predict possible practical benefits from these studies. The manipulation of genes controlling the switch between vegetative and floral growth of plant primordia may ultimately allow flowering times and growth patterns of plants to be modified by design. Also, breeding programs in woody species may be speeded up, especially those in which beneficial genotypes associated with molecular markers are being selected, and foreign transgenes introgressed. Finally, precocious floral induction may be useful in the early sexing of shrubs and trees -such as date palms, pistachios and kiwi fruit -in which there are separate male and female plants, but female crop-producers are desired.
